The electronic states of the Fe2As2 plane in iron-based superconductors are investigated on the basis of the two-dimensional 16-band d-p model which includes the Coulomb interaction on a Fe site: the intra-and inter-orbital direct terms U and U ′ , the Hund's coupling J and the pair-transfer J ′ . Using the random phase approximation (RPA), we obtain the magnetic phase diagram including the stripe and the incommensurate order on the U ′ -J plane. We also solve the superconducting gap equation within the RPA and find that, for large J, the most favorable pairing symmetry is extended s-wave whose order parameter changes its sign between the hole pockets and the electron pockets, while it is dxy-wave for small J. The newly discovered iron-based superconductors 1, 2) RFeP nO 1−x F x (R=Rare Earth, P n=As, P) with a transition temperature up to T c = 55K
The newly discovered iron-based superconductors 1, 2) RFeP nO 1−x F x (R=Rare Earth, P n=As, P) with a transition temperature up to T c = 55K
3) have attracted much attention. The F nondoped samples exhibit the stripe-type antiferromagnetic order with a transition temperature 134K and a magnetic moment ∼ 0.36µ B
4)
at low temperature. With increasing F doping, the system becomes metallic and the antiferromagnetic order disappears, 2) and then, the superconductivity emerges for x ∼ 0.11 with T c ∼ 26K. Specific features of the systems are two-dimensionality of the conducting Fe 2 As 2 plane and the orbital degrees of freedom in Fe 2+ (3d 6 ). 1, 2) The pairing symmetry together with the mechanism of the superconductivity is one of the most significant issues.
The NMR Knight shift measurements revealed that the superconductivity of the systems is the spin-singlet pairing. 5, 6) Fully gapped superconducting states have been predicted by various experiments such as the penetration depth, 7) the specific heat, 8) the angle resolved photoemission spectroscopy (ARPES) [9] [10] [11] and the impurity effect on T c . 6) In contrast to the above mentioned experiments, the NMR relaxation rate shows the power low behavior 1/T 1 ∝ T 3 below T c , 12) suggesting the superconducting gaps with line nodes.
Theoretically, the first principle calculations have predicted that the nondoped system is metallic with two or three concentric hole Fermi surfaces around Γ (k = (0, 0)) point and two elliptical electron Fermi surfaces around M (k = (π, π)) point. [13] [14] [15] [16] Mazin et al. suggested that the spin-singlet extended s-wave pairing whose order parameter changes its sign between the hole pockets and the electron pockets is favored due to the antiferromagnetic spin fluctuations. 17, 18) According to the weak coupling approaches based on multi-orbital Hub- * E-mail: yanagi@phys.sc.niigata-u.ac.jp bard models, [19] [20] [21] [22] the extended s-wave pairing or the d xy -wave pairing is expected to emerge. The details of the band structure and the Fermi surface are crucial for determining the pairing symmetry. Therefore, theoretical studies based on a more realistic model which includes both the Fe 3d orbitals and the As 4p orbitals, so called d-p model, are highly desired.
In the previous paper, 23) we have investigated the pairing symmetry of the two-dimensional 16-band d-p model by using the random phase approximation (RPA). It has been found that, for a larger value of J/U ′ , the most favorable paring symmetry is extended s-wave, while, for a smaller value of J/U ′ , it is d xy -wave. However, the detailed electronic states in the whole parameter region of U ′ and J have not been discussed there. The purpose of this paper is to obtain the detailed phase diagram including the magnetism and the superconductivity in the U ′ -J plane. First of all, we perform the density functional calculation for LaFeAsO with the generalized gradient approximation of Perdew, Burke and Ernzerhof 24) by using the WIEN2k package, 25) where the lattice parameters (a = 4.03268Å, c = 8.74111Å) and the internal coordinates (z La = 0.14134, z As = 0.65166) are experimentally determined. 26) Considering that there are two distinct Fe and As sites in the crystallographic unit cell, we then derive the two-dimensional 16-band d-p model, 23, 27) where 
where d iℓσ is the annihilation operator for Fe-3d electrons with spin σ in the orbital ℓ at the site i and p imσ is the annihilation operator for As-4p electrons with spin σ in the orbital m at the site i. In eq. (2), the transfer integrals t dd i,j,ℓ,ℓ ′ , t pp i,j,m,m ′ , t dp i,j,ℓ,m and the atomic energies ε d ℓ , ε p m are determined so as to fit both the energy and the weights of orbitals for each band obtained from the tight-binding approximation to those from the density functional calculation.
28) The doping x corresponds to the number of electrons per unit cell n = 24 + 2x in the present model.
We show the band structure obtained from the d-p tight-binding Hamiltonian eq. (1) together with that obtained from the density functional calculation in the left panel of Fig. 1 . It is found that the former reproduces the latter very well. We note that the weights of orbitals also agree very well with each other (not shown). The 10 bands near the Fermi level are mainly constructed by the Fe 3d orbitals and the 6 bands below the 3d 10 bands are mainly constructed by the As 4p orbitals (not shown in tical electron pockets around the M point. These results are consistent with the first principle calculations.
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Now we consider the effect of the Coulomb interaction on Fe site: the intra-orbital (inter-orbital) direct terms U (U ′ ), the Hund's rule coupling J and the pairtransfer J ′ . Within the RPA, 29) the spin susceptibilityχ s (q) and the charge-orbital susceptibilityχ c (q) are given in the 50 × 50 matrix representation as follows,
with the noninteracting susceptibility
where µ, ν (=1-16) are band indexes, α, β (=A, B) represent two Fe sites, ℓ represents Fe 3d orbitals, u α ℓ,µ (k) is the eigenvector which diagonalizes H 0 eq. (1), ε k,µ is the corresponding eigenenergy of band µ with wave vector k and f (ε) is the Fermi distribution function. In eqs. (2) and (3), the interaction matrixŜ (Ĉ) is given bŷ
In the weak coupling regime, the superconducting gap equation is given by
where ∆ 
with η = At T = T c , the largest eigenvalue λ becomes unity.
In the present paper, we mainly focus on the case with x = 0.1, where the superconductivity is observed in the compounds.
2) For simplicity, we set T = 0.02eV and U = U ′ + 2J, J = J ′ . We use 32 × 32 k points in the numerical calculations for eqs. (2)- (6), and also use the first Fourier transformation (FFT) to solve the gap 5). Fig. 2 shows the several components of the noninteracting susceptibility given in eq. (4) for x = 0.1 together with those for x = 0 for comparison. We see the peaks centered at the Γ point and those at the M point for x = 0, where the former peaks are due to the nesting between the hole (electron) pockets and the latter peaks are due to the nesting between the hole pockets and the electron pockets. With the electron doping, the hole pockets around the Γ point shrink and the smallest one disappears for x = 0.1, while the electron pockets become larger (see Fig. 1 of ref. 23) . As the result, the nesting effect becomes weak, and then, the peak at the M point is suppressed and shifts around the M point for x = 0.1, resulting in the incommensurate SDW as mentioned later.
The several components of the spin susceptibility χ s α,β ℓ1ℓ2,ℓ3ℓ4 (q) given in eq. (2) are plotted in Figs. 3 (a) and (b), where the parameters U ′ and J are set to the condition with λ = 1 (see Fig. 4 (a) ). The spin susceptibility is enhanced due to the effect of the Coulomb interaction, especially for the diagonal component of d x 2 −y 2 . For J = 0eV, the incommensurate peaks around M point are observed as reflecting the structure of the bare susceptibility shown in Fig. 2 (b) . On the other hand, for J = 0.3eV, the commensurate peaks centered at the M point are observed; which is due to an effect of the Hund's coupling J.
The several components of the charge-orbital susceptibility χ c α,β ℓ1ℓ2,ℓ3ℓ4 (q) given in eq. (3) are plotted in Figs. (3) (c) and (d). In contrast to the case with the spin susceptibility, the off-diagonal component of d x 2 −y 2 − d yz which corresponds to the orbital susceptibility becomes most dominant due to the effect of the inter-orbital Coulomb interaction U ′ . For J = 0eV, the orbital susceptibility is enhanced and shows peaks around the M point together with those at the Γ point. On the other hand, for J = 0.3eV, the enhancement of the orbital susceptibility is very small, where U ′ is smaller than the intra-orbital interaction U = U ′ + 2J which suppresses the orbital susceptibility.
The several components of the effective pairing interaction V α,β ℓ1ℓ2,ℓ3ℓ4 (q) for the spin-singlet state given in eq. (6) are plotted in Figs. 3 (e) and (f). Since the largest eigenvalue λ is always spin-singlet state in the present study, we show the effective pairing interaction only for the spin-singlet state. Their structures are similar to those of the spin susceptibility in the both cases for J = 0eV and J = 0.3eV. This is because the contributions of the spin fluctuations to the effective pairing interaction is three times larger than those of the orbital fluctuations according to eq. (6). Substituting V αβ ℓ1ℓ2,ℓ3ℓ4 (q) into the gap equation eq. (5), we obtain the gap function ∆ αβ ℓℓ ′ (k) with the eigenvalue λ. In Fig. 4 (a) , the two largest eigenvalues λ, which are for the extended s-wave and the d xy -wave pairing symmetries, are plotted as functions of U ′ for several values of J. We confirmed that eigenvalues for the other paring symmetries are much smaller. With increasing U ′ , λ monotonically increases and finally becomes unity at a critical value U ′ c above which the superconducting state is realized. For J = 0eV, the largest eigenvalue λ is for the d xy -wave symmetry, where the gap function has line nodes on the Fermi surfaces as shown in Fig. (4) (b) . On the other hand, for J = 0.3eV, the largest eigenvalue λ is for the extended s-wave symmetry, where the gap function changes its sign between the hole pockets and the electron pockets without nodes on the Fermi surfaces as shown in Fig. (4) (c) . 17, 19, 20) For J = 0.15eV, these two eigenvalues are almost degenerate. The extended s-wave pairing is mediated by the pairing interaction with the sharp peak at Q = (π, π) (see Fig. 3 (f) ), while the d xywave pairing is mediated by the pairing interaction with the incommensurate peaks around Q = (π, π) together with the peak at Q = (0, 0) (see Fig. 3 (e) ).
The phase diagram on U ′ -J plane for x = 0.1 and T = 0.02eV is shown in Fig. 5 , where the magnetic instability is determined by the divergence of the spin susceptibility and the superconducting instability is determined by λ = 1 as mentioned before. For J > ∼ 0.25eV, the stripe-type antiferromagnetic order with Q = (π, π) appears, while, for J < ∼ 0.25eV, the incommensurate SDW (ISDW) with Q ∼ (π, π) appears (see also Figs. 3 (a)  and (b) ). It is noted that we only observe the stripe-type antiferromagnetic order for x = 0 as shown in the inset in Fig. 5 . The extended s-wave pairing is realized near the stripe-type antiferromagnetic order for J > ∼ 0.15eV, where the spin fluctuation with Q = (π, π) is enhanced as shown in Fig. 3 (b) . On the other hand, the d xywave pairing is realized near the ISDW for J < ∼ 0.15eV, where the spin fluctuation with Q ∼ (π, π) is enhanced as shown in Fig. 3 (a) .
In summary, we investigated the pairing symmetry of the two-dimensional 16-band d-p model by using the RPA and obtained the phase diagram on the U ′ -J plane for x = 0.1, T = 0.02eV. For J > ∼ 0.15eV, the most favorable pairing is extended s-wave symmetry whose order parameter changes its sign between the hole pockets and the electron pockets, while for J < ∼ 0.15eV, it is d xy -wave symmetry. Then, the effect of the Hund's coupling J is crucial to realize the extended s-wave pairing in the pure system without impurities. According to the recent experiment of very weak T c -suppression by Co-impurities, 6) we suppose that the d xy -wave pairing is suppressed by pair breaking effect and the extended s-wave paring is realized in real materials. 30) 
